The diversity and phylogeny of nodA and nifH genes were studied by using 52 rhizobial isolates from Acacia senegal, Prosopis chilensis, and related leguminous trees growing in Africa and Latin America. All of the strains had similar host ranges and belonged to the genera Sinorhizobium and Mesorhizobium, as previously determined by 16S rRNA gene sequence analysis. The restriction patterns and a sequence analysis of the nodA and nifH genes divided the strains into the following three distinct groups: sinorhizobia from Africa, sinorhizobia from Latin America, and mesorhizobia from both regions. In a phylogenetic tree also containing previously published sequences, the nodA genes of our rhizobia formed a branch of their own, but within the branch no correlation between symbiotic genes and host trees was apparent. Within the large group of African sinorhizobia, similar symbiotic gene types were found in different chromosomal backgrounds, suggesting that transfer of symbiotic genes has occurred across species boundaries. Most strains had plasmids, and the presence of plasmid-borne nifH was demonstrated by hybridization for some examples. The nodA and nifH genes of Sinorhizobium teranga ORS1009 T grouped with the nodA and nifH genes of the other African sinorhizobia, but Sinorhizobium saheli ORS609 T had a totally different nodA sequence, although it was closely related based on the 16S rRNA gene and nifH data. This might be because this S. saheli strain was originally isolated from Sesbania sp., which belongs to a different cross-nodulation group than Acacia and Prosopis spp. The factors that appear to have influenced the evolution of rhizobial symbiotic genes vary in importance at different taxonomic levels.
Rhizobia are soil bacteria that are capable of forming a nitrogen-fixing symbiosis with leguminous plants. All rhizobia belong to the alpha subgroup of the Proteobacteria, based on the sequences of the gene coding for small-subunit (16S) rRNA (23) . There are three major rhizobial branches, the genus Bradyrhizobium, the genus Azorhizobium, and the fastgrowing rhizobia. The latter organisms are currently split into three genera, the genera Rhizobium, Sinorhizobium, and Mesorhizobium, plus a fourth potential genus that so far is represented only by Rhizobium galegae (14, 24, 46) . To form an effective symbiosis, rhizobia require several classes of specific genes. These include nod genes, which encode the production of Nod factors, which stimulate the plants to produce symbiotic nodules, and nif genes, which produce the nitrogen-fixing nitrogenase enzyme. In this study we explored the diversity of these genes in rhizobia from a particular group of hosts and the extent to which they may have a different evolutionary history than the rest of the bacterial genome.
The nod genes are unique to rhizobia, and the phylogenies of nodA, nodB, nodC, and nodD, which are found in all rhizobia, resemble each other but differ from the phylogeny of 16S rRNA (19) . Indeed, it has been suggested that the phylogenies of nod genes may correlate with the host plant (6, 40, 42) . Other studies, performed by using a variety of techniques, have reported various degrees of correlation between symbiotic genes and chromosomal genotypes, but in general the authors concluded that symbiotic genes appear to have been transferred between strains (16-18, 22, 29, 37, 39, 44, 47) . Symbiotic genes are often located on plasmids, which probably increases the likelihood of gene transfer.
By contrast, nif genes are found in many bacteria besides rhizobia. It is not clear whether nif genes are, from an evolutionary point of view, part of the symbiotic genome or part of the "normal" bacterial genome (46) . It has been reported that, for bacteria as a whole, the phylogeny of nifH closely resembles that of 16S rRNA genes, and thus these genes probably share a common evolutionary history (13, 43, 45) ; however, there is also evidence of phylogenetic discordance that could be due to lateral transfer of nif genes (7).
We have recently described the phenotypic and phylogenetic diversity of a fairly large group of fast-growing rhizobia that were isolated from Acacia senegal and Prosopis chilensis trees growing in Sudan and Kenya (11, 12, 26, 48) . In the present study we selected a representative subset of these organisms and added a few Latin American strains with similar host ranges. The strains used represent two rhizobial genera commonly associated with these trees, namely, the genera Sinorhizobium (4) and Mesorhizobium (14, 46) . The sinorhizobia have a range of 16S rRNA gene sequences and probably belong to a number of different species. We also included the type strains of two species from Africa, Sinorhizobium teranga and Sinorhizobium saheli, which are closely related to our isolates.
Our aim was to determine whether these rhizobia which belong to different species but have similar host ranges share the same set of symbiotic genes as a result of lateral transfer or whether they have converged to have similar host ranges but use different genes. As representatives of the nodulation and nitrogen fixation genes we chose nodA and nifH, respectively, because a considerable number of comparative sequences already are known and these genes have a number of other advantages. For nodA, only one copy has ever been detected, and although reiteration of nifH has been reported for several rhizobia, sequencing of the multiple copies has shown that they are identical or nearly so (1, 27, 31 ). An initial restriction fragment length polymorphism (RFLP) examination of the total DNA of our strains indicated that both genes probably are present only in a single copy. The two genes are also relatively small, and conserved primer sites allow PCR amplification of most of each gene. Both gene products have welldefined functions; NodA is a host-specific determinant of the transfer of fatty acids in Nod factor biosynthesis (2, 32, 33) , while NifH is the Fe protein subunit of nitrogenase. The phylogeny of nifH has been explored by a number of authors (13, 28, 43, 45) , and the phylogeny of nodA resembles the phylogenies of the other common nod genes (19) . Debellé et al. (3) have recently suggested that the study of nodA and nodFE, which together specify Nod factors of many fast-growing rhizobia, combined with cloning and characterization of the Nod factor receptors of the host plants, could in the future provide a strong basis for the analysis of coevolution of the two partners.
In our study, after an initial RFLP analysis in which we used the total DNA of selected strains, we used restriction digestion of PCR-amplified nodA and nifH gene products from 54 isolates to compare the distributions of nod and nif types to each other and to the distribution of 16S rRNA gene sequence types and also to see whether these distributions correlated with a tree of isolation or geographical origin. Representative gene types were selected for DNA sequencing.
MATERIALS AND METHODS
Bacterial strains. The bacterial strains used are listed in Table 1 . Chromosomal sequence types s1 to s12, based on the sequence of a 230-bp fragment of 16S rDNA, were determined previously, as indicated in Table 1 . Sequence type s1 is identical to Sinorhizobium meliloti and Sinorhizobium fredii, sequence type s2 is identical to Sinorhizobium meliloti type B, now named Sinorhizobium medicae (34) , sequence type s7 is identical to S. teranga, and sequence types s10 and s11 are identical to two alternative sequences of S. saheli (12) . Sequence type s12 represents a group of mesorhizobia identical in the 230-bp region, i.e., Mesorhizobium huakuii, Mesorhizobium ciceri, Mesorhizobium tianshanense, Mesorhizobium mediterraneum, and cluster U of de Lajudie et al. (4) . On the basis of their whole-cell protein patterns, the Brazilian mesorhizobia used in this study also belong to cluster U (4), as do the Sudanese mesorhizobia (26) . Strains were maintained on yeast-mannitol agar plates supplemented with Congo red (1:400).
RFLP analysis of total DNA. Total DNA was isolated by using a modified standard protocol, in which 5 ml of fresh culture was spun down, washed in 1 ml of TEN (TE containing 100 mM NaCl, pH 8.0), and resuspended in a solution containing 350 l of TEN, 35 l of 10% sodium dodecyl sulfate, and 50 l of proteinase K (10 mg/ml). After about 1 h of lysis at 37°C, the DNA was sheared by using a 23-gauge needle and extracted three times with 400 l of phenolchloroform and twice with chloroform. The DNA was precipitated with ethanol and resuspended in 100 l of H 2 O. Approximately 5 l of DNA was digested with three enzymes, EcoRI, HindIII, and BamHI (all from Promega), by following the manufacturer's instructions. Digests were electrophoresed slowly overnight in three separate 0.8 to 1% agarose gels, after which the DNA was transferred to nylon membranes by using standard Southern blotting (36) . The membranes were hybridized successively with different probes by using either ECL direct nucleic acid labelling and detection systems (catalog no. RPN3000; Amersham Life Science) or a Gene Images random prime labelling module and a Gene Images CDP-Star detection module (catalog no. RPN3500; Amersham Life Science). Probes for nifH and nodA were prepared by following the manufacturer's instructions from the PCR-amplified gene products (see below) of strain H1552.
PCR amplification. For PCR a loopful of bacterial culture from a yeastmannitol agar plate was suspended in water and boiled, and 25 l was used to prepare a 50-l PCR that also contained 1ϫ reaction buffer, 2 mM MgCl 2 , and 1 U of Taq polymerase (all from Promega), as well as 0.05% Tween 20, 0.05% Nonidet P-40, each deoxynucleoside triphosphate at a concentration of 0.2 mM, and 6.25 pmol of each primer (final concentration, 125 mM). The following temperature cycle was used: 2 min at 93°C, 35 cycles consisting of 45 s at 93°C, 45 s at 62°C, and 2 min at 72°C, and finally 5 min at 72°C. nifH was amplified by using primers nifH-1 and nifH-2 (7), which amplify a 601-bp fragment between positions 256 and 856 in the S. meliloti sequence. Primers for nodA were designed by comparing known nodA sequences for S. meliloti, S. fredii, Sinorhizobium sp. strain NGR234, Rhizobium leguminosarum bv. trifolii, and R. galegae and were obtained from Cruachem Ltd., Glasgow, United Kingdom. Forward primer nodA-1 (5Ј-TGCRGTGGAARNTRNNCTGGGAAA-3Ј) starts from base 14 in nodA, and reverse primer nodA-2 (5Ј-GGNCCGTCRTCRAAWGTCARGTA-3Ј) ends in nodB 88 bases (in the S. meliloti sequence) after the end of nodA and amplifies a fragment of approximately 666 bp. The PCR conditions used for nodA were the same as those used for nifH, except that 20 pmol of each primer (final concentration, 400 nM) was used and the annealing step in the PCR was for 1 min at 49°C. For a few strains multiple nodA bands were obtained; in each of these cases the band of the expected size was excised from the agarose gel and transferred into 50 l of sterile water for a few hours. After this 10 l of water containing the eluted DNA was used as a template in a new PCR.
Restriction digestion of PCR products. Both the nodA PCR products and the nifH PCR products of 54 strains were digested with endonucleases HhaI, HinfI, and RsaI; in addition, AluI was used for nifH. The reaction mixtures (15 l) contained 5 to 12 l of PCR product, 5 U of enzyme, and 1.5 l of buffer specific for the enzyme (Promega). The restriction products were electrophoresed in 2.5% agarose gels at 80 V for about 2 h. Ethidium bromide-stained gels were photographed by using a UVP gel documentation system, and the band patterns were scored manually.
Direct sequencing of PCR products. PCR products were purified by using Wizard PCR Preps columns (Promega) as recommended by the manufacturer. The purified products were electrophoresed in a 1% agarose gel to estimate the amount of DNA and then sequenced by using an ABI PRISM Ready Reaction dye terminator cycle sequencing kit with Amplitaq DNA polymerase FS (PerkinElmer). An estimated 100 ng of DNA was used for each reaction together with 1.6 pmol of primer, 4 l of ready reaction mixture, and enough H 2 O so that the final volume was 10 l. The primers used were the primers used for the PCR amplifications described above (nifH-1, nifH-2, nodA-1, and nodA-2). Cycle sequencing PCR amplification and subsequent DNA precipitation were performed by following the manufacturer's instructions. Resuspended samples were examined with a Perkin-Elmer model 377 ABI PRISM DNA sequencer by using standard conditions recommended by the manufacturer.
Phylogenetic analysis. Each PCR product was sequenced in both directions, and the sequences were assembled and checked with the AutoAssembler 1.4 program (Perkin-Elmer). The revised sequences were analyzed by using the SEQNET computer facility provided by the BBSRC Daresbury Laboratory, Genetics Computer Group, United Kingdom. Sequences were aligned by using the Pileup program of the Wisconsin GCG package (5). ClustalW (41) was used to construct phylogenetic trees from the Jukes-Cantor distances by using the neighbor-joining method (35) . The trees were displayed by using TreeView (30) .
Plasmid profiles. Plasmid profiles were determined on horizontal agarose gels by using the in-well lysis method of Eckhardt (8) , as modified by Hashem and Kuykendall (10) , except that the strains were cultured in half-strength tryptoneyeast extract liquid medium until the late log phase. The cell cultures were then centrifuged slowly, washed with water, and centrifuged again, and only then was N-laurolylsarcosine added to the resulting pellets. Two gels were blotted onto nylon membranes and hybridized with the nifH probe as described above for the total DNA RFLP gels.
Nucleotide sequence accession numbers. Our nifH sequences have been deposited in the EMBL data bank under accession no. Z95211 through Z95230; these sequences include the sequences of two strains, S. fredii USDA191 and Rhizobium sp. (Lonchocarpus sp.) strain BR6001 (25) , which were determined but are not included in Table 1 . The nodA sequences have been deposited in the EMBL data bank under accession no. Z95231 through Z95250.
RESULTS
Copy number and genomic arrangement of nodA and nifH genes. Total DNAs isolated from 15 strains were restricted separately with three endonucleases, electrophoresed in agarose gels, and blotted, and the blots were hybridized successively with nifH and nodA probes (data not shown). The results obtained suggested that only a single copy of each gene was present, because each probe hybridized to only one band, except when there was an internal restriction site in the gene. The restriction sites were later verified from the sequences. The sizes of the hybridizing bands differed in distantly related strains.
RFLP analysis of PCR-amplified nodA and nifH genes. To compare the restriction patterns of symbiotic genes, nodA and nifH were amplified from 54 strains, as shown in Table 1 . nifH amplification always resulted in a single band at 601 bp, but nodA primers, which are degenerate and require a low anneal- 
El Obeid, Sudan ing temperature, in some cases gave faint bands in addition to the expected band at 666 bp. Generally, these extra bands did not hinder restriction and comparison of the brighter bands (Fig. 1) . However, strains H1500, H1506, H1478, and H1501 had strong extra bands, so the expected band was excised from the gel and reamplified before restriction. The resulting restriction patterns for all strains were combined to define 22 nod types and 18 nif types, as shown in Table 1 . Correlated variation of the different genes. The combinations of nodA and nifH restriction types and 16S rRNA gene sequence types representing chromosomal background were not random (Table 1) . Sinorhizobia and mesorhizobia never had the same nod or nif types, and Latin American sinorhizobia had unique symbiotic gene types. Among the sinorhizobia from Sudan were two widespread clones, one having 16S rRNA gene-nod-nif combination 2EF and the other having 16S rRNA gene-nod-nif combination 4AG, but otherwise the pairing of nod and nif types was fairly free; e.g., nif type F could combine with nod types E, F, H, I, J, K, and P. The same nod-nif pair type was found in different chromosomal backgrounds in only three cases; type EF was found in sequence types s2 and s3, type GJ was found in sequence types s4 and s11, and type IF was found in sequence types s6, s8, and s10. However, even though similar restriction patterns and types indicate that the genes are closely related, the genes are not necessarily identical at the sequence level. For example, when nifH was sequenced from three strains having nif type F, strains ORS1009
T and DWO607 differed from each other in only 9 bases (1.6%), but H1700 differed from both of these strains in 27 bases (4.8%).
Sequencing and phylogeny of nodA and nifH genes. Based on the restriction patterns of PCR products, 20 nodA and 18 nifH products were chosen for sequencing ( duced that the remaining nif types, types I and K, as well as nod types D, H, J, L, and P, closely resembled other African sinorhizobia either on the basis the similarity of their restriction patterns or on the basis of the results of partial sequencing of the gene (data not shown). Sequences of nifH were determined nearly up to the primers; the 558-bp sequence that was used for further analysis started from the second base after the forward primer and ended two bases before the reverse primer. For nodA, the 525-bp sequence started 29 bases after the forward primer (base 67 in the entire nodA sequence) and ended at the stop codon, which, depending on the strain, is approximately 65 bases from the reverse primer. Phylogenetic analysis of the aligned 525-bp nodA and 558-bp nifH sequences resulted in the trees shown in Fig. 2 and 3 . In both trees three separate clusters of tree rhizobia were evident, one consisting of African sinorhizobia, one consisting of Latin American sinorhizobia, and one consisting of mesorhizobia from both regions. High bootstrap values (from 1,000 resamplings) showed the robustness of these groups. In the nodA tree only Rhizobium tropici was found in a cluster formed by our rhizobia, whereas in the nifH tree the distances between strains were smaller and our tree rhizobia groups were intermingled with reference strains. Although the reference strains had quite different positions in the two trees, among our tree rhizobia the only major difference was the position of the S. saheli sequences. In the nifH tree S. saheli fell into the cluster of African sinorhizobia as expected, although it was on the outskirts of the cluster. However, most of the base substitutions in S. saheli nifH were in the third bases of codons, and thus in a tree based on protein translations of DNA sequences S. saheli was actually identical to H1476 and H1394. Otherwise, the trees based on protein translations of the sequences resembled the DNA trees closely (data not shown). The nodA sequence of S. saheli, on the other hand, stood on its own in both DNA and protein trees. Plasmid profiles. Comparison of plasmid numbers and sizes showed that the plasmid contents of the strains varied greatly and that only closely related strains had the same plasmid profile (Fig. 4 and Table 1 ). Profile p8 was shared by 16 closely related strains, and, in addition, profile p9 lacked only a small plasmid of profile p8 (Fig. 4) . Likewise, profile p5 was shared by five strains, and profiles p4 and p6 closely resembled profile p5. The plasmids found in our tree rhizobia were generally very large, even larger than the 1.5-Mbp plasmid of S. meliloti that was used as a marker. All of the strains were examined at least once, but despite examining four or more gels for some strains, we never detected any plasmids in them (Table 1) . Hybridization of the nifH probe with the Southern blots of some of the plasmid gels showed that at least 11 of the strains carried their symbiotic genes in one of the large plasmids (Table 1) .
DISCUSSION
Three symbiotic lineages with the same host specificity. In our collection of rhizobia, which were isolated largely from members of the genera Acacia and Prosopis, the nodulation specificity gene nodA and the nitrogen fixation gene nifH show the same phylogenetic pattern. There are three major branches which correspond to taxonomic and geographic divisions: sinorhizobia from Africa, sinorhizobia from Latin America, and mesorhizobia from both regions. Rhizobia in all three groups have similar host ranges that include members of the genera Acacia, Prosopis, and Leucaena (21, 48). Our demonstration that there are three deep symbiotic lineages with similar host ranges raises some interesting questions about the relationships among symbiotic genes, bacterial species, and plant hosts and about the biogeographic pattern of this variation.
Introduced P. chilensis shares sinorhizobia with native African A. senegal. When legume species are introduced into regions outside their natural areas of distribution (e.g., soybeans in North America or the genus Lotus in New Zealand), it has often proved necessary to inoculate them with the appropriate rhizobia in order to establish an effective symbiosis. Sometimes, however, the incoming legume may be able to adopt the symbionts of a native plant belonging to the same cross-inoculation group (24) , and our results indicate that this is the case for P. chilensis in Africa. P. chilensis is a South American tree that has been introduced into Africa. In African soils it is nodulated by sinorhizobia that show some variation but can be identical to the bacteria found on the African tree A. senegal in 16S rRNA gene sequence, nodA and nifH restriction patterns, and plasmid profiles (Table 1) , identical in nodA sequence (Fig. 3) , and very similar in nifH sequence (Fig. 2) . The similarity of strains from these two hosts is not so surprising because previous work has shown that these strains are capable of nodulating members of both of the host genera (48) . Since A. senegal is native to Africa, we tentatively suggest that this is a natural host of these sinorhizobia, while the ability of the sinorhizobia to nodulate the introduced Prosopis species is fortuitous. To take this question further, we need to ask what nodulates P. chilensis in its native area, South America.
Latin American Prosopis sinorhizobia are different from African isolates. Although we do not have strains obtained from P. chilensis in South America, we do have two isolates obtained from other Prosopis species in Latin America (strains BR4007 and M6). Both of these strains are Sinorhizobium strains, and they have similar nodA and nifH sequences despite the fact that one is from Brazil and the other is from Mexico. However, the nodA and nifH sequences are quite different from those of the African symbionts of P. chilensis ( Fig. 2 and 3) . This supports the idea that sinorhizobia have had a long history of separate evolution on Prosopis spp. and other Latin American hosts on the one hand and on African hosts, including Acacia spp., on the other hand. These lineages have overlapping host ranges, but there are substantial differences in their symbiotic genes. Of course, this hypothesis needs to be tested by more extensive sampling of Latin American strains. If the distinction between African and Latin American sinorhizobia is confirmed by further sampling, it would be worth investigating them for possible differences in environmental adaptation.
Mesorhizobia on African Acacia spp. are similar to mesorhizobia on Latin American trees. In contrast to the Sinorhizobium situation, the Mesorhizobium strains from Acacia spp. in Africa are genetically similar to two isolates from Brazil, BR3804 isolated from Chamaecrista sp. and INPA78B isolated from Leucaena sp. (Table 1 and Fig. 2 and 3) . While it is possible that this similarity might reflect recent human-mediated movement between the continents, there is no strong reason to suspect this and certainly no record of deliberate introduction. It could well be that these are cosmopolitan organisms that occur naturally in both Africa and South America. There are other rhizobia with wide distributions that are apparently natural (24) . For example, similar strains of R. leguminosarum are found on native legumes in western North America and in Europe (38) . The biogeography of bacteria is still very poorly understood, and it is quite possible that many bacteria are sufficiently mobile that their global distribution is determined more by the suitability of the habitat than by geographic proximity. For rhizobia the presence of host plants is, of course, a relevant habitat factor, but it does not readily explain the difference in the geographic distributions of the sinorhizobia and mesorhizobia found in this study because suitable hosts are present in all of the locations.
Sinorhizobia and mesorhizobia on African Acacia spp. do not share symbiotic determinants. When we began this study, we had both Sinorhizobium and Mesorhizobium isolates from acacia plants grown in the same African soils. One question which we posed was whether these bacteria shared the same host because host range determinants had been transferred between them. Although the number of mesorhizobial strains in our study was quite small, the answer seems to be clearly negative; the bacteria belonging to the two genera have nodA and nifH genes that are very distinct ( Fig. 2 and 3) . Even if there is some diversity within each genus, this diversity is small compared to the difference between the genera. There is, therefore, no evidence for recent gene transfer between Sinorhizobium and Mesorhizobium species .   FIG. 4 . Plasmid profiles. The standards used were S. meliloti NZP4010, which has a megaplasmid of approximately 1,500 kbp, and R. leguminosarum bv. viciae 3841 (ϭ 300 Str r [15] There may be gene transfer among African sinorhizobial species. Although Sinorhizobium strains have only small differences in their 16S rRNA gene sequences, these differences are large enough to divide the strains into separate species, when these data are supported by other characteristics (4, 12, 26) . The African isolates used in this study have diverse partial 16S rRNA gene sequences that match the sequences of all five of the Sinorhizobium species described so far, plus a range of intermediate sequences. This suggests that these organisms represent several species. Nevertheless, identical nodA or nifH restriction patterns, or even identical sequences in the case of nodA, are found in strains with different 16S rDNA sequences. Thus, within the group of African sinorhizobia it seems likely that the different species have exchanged genes by lateral transfer. The presence of plasmids in nearly all of these strains (Fig. 4 and Table 1 ) and our observation that nifH can be located on these plasmids (Table 1) suggest that plasmid-mediated gene transfer occurs.
Phylogeny of nifH. The phylogenetic trees based on the nodA and nifH genes of the Acacia rhizobia reveal the same three major clusters. Correlations between nod and nif genes have also been reported by Urtz and Elkan (44) , who used the RFLP technique to study the diversity among bradyrhizobia that nodulate peanuts. The similarity of the nod and nif trees seems incompatible with the view that nifH phylogeny closely follows the phylogeny of 16S rRNA (13, 24, 45) , whereas the phylogeny of nod genes is more closely related to the phylogeny of host plants (6, 42) . At a higher taxonomic level nifH and 16S rRNA phylogenies are similar, and, for example, the nifH genes of species in the alpha subdivision of the Proteobacteria are quite distinct from the nifH genes of species in the gamma subdivision (45) . However, the phylogenetic tree based on nifH sequences (Fig. 3) shows that bacteria with a Sinorhizobium background do not necessarily carry similar nifH genes. Indeed, the nifH tree is not consistent with the tree based on 16S rRNA in many respects, with the genera Rhizobium and Sinorhizobium thoroughly interspersed. Eardly et al. (7) presented another relevant example. Thus, lateral transfer of nif genes may have a significant effect when the species or genus level is reached. It would not be surprising if nod and nif genes showed similar evolutionary patterns at this level, because they are often linked on the same plasmid. However, some data indicate that nod and nif genes have come together fairly recently (9) . This possibility is also supported by the fact that some strains (e.g., S. saheli strains) have very different locations when the nifH and nodA trees are compared ( Fig. 2 and 3) .
S. saheli may have two biovars. Lortet et al. (21) and Lorquin et al. (20) have recently shown that similar Nod factors are produced by S. teranga, mesorhizobia belonging to cluster U, and R. tropici, all of which nodulate A. senegal. In agreement with this, our results place all of these strains in the same nodA sequence branch, albeit it is a very deep branch (Fig. 2) . However, the thin-layer chromatography results of Lortet et al. (21) showed that there could be two types of S. teranga Nod factors, depending on whether the strain was isolated from Acacia sp. or Sesbania sp.; the same symbiont hardly ever nodulated members of both genera. Since the Nod factor structure corresponded to the host specificity of strains, Lortet et al. proposed division of S. teranga into two biovars, S. teranga bv. acaciae and S. teranga bv. sesbaniae. In our study, a corresponding division based on host plants was found when we compared nodA sequences of two S. saheli strains. Strain H1496 was isolated from Acacia sp., but it has been found to be a typical S. saheli strain based on its partial 16S rRNA gene sequence (12) and other properties, such as the high DNA-DNA reassociation value characteristics and total proteins (26) . This strain has a nodA sequence similar to the nodA sequences of other strains isolated from Acacia spp. and related species. By contrast, the type strain of S. saheli (ORS609 T ), which was isolated from Sesbania sp., has a very different nodA sequence (Fig. 2) . Since NodA plays an important role in determining the host specificity of Nod factors (2, 32, 33) , it seems only natural that analyzing NodA and Nod factors should lead to congruent results. Our results suggest that S. saheli, like S. teranga, should be divided into two biovars, S. saheli bv. acaciae and S. saheli bv. sesbaniae. A good correlation between nodA sequences and host range has recently been confirmed with more examples of rhizobia from Acacia and Sesbania species (1a), and, therefore, simple nodA PCR and restriction can be used as an easy screening technique in addition to, or instead of, Nod factor analysis.
Factors influencing evolution at different taxonomic levels. As a way to summarize our findings, we considered those factors that appear to have influenced the evolution of rhizobial symbiotic genes, as reflected in the nod and nif phylogenetic trees. Five hierarchical levels were considered. At the first, highest level, rhizobia were considered one group in the context of all nitrogen-fixing bacteria; nifH phylogeny can be seen to follow 16S rRNA phylogeny, reflecting a common evolutionary history. Moving one level down, we considered the genera of rhizobia. Among Sinorhizobium species, for example, we observed in the phylogenies based on nod and nif some correlation with host plant range, for the temperate narrow-host-range symbiont S. meliloti, the broad-host-range symbiont S. fredii, and tropical tree rhizobia all form clusters of their own. At the next level, we concentrated on the tree rhizobia, the only group for which we had enough samples for a detailed analysis. Here it seems that the chromosomal background affected the evolution of symbiotic genes. This might be because the symbiotic system requires the correct chromosomal background in order to function optimally, or alternatively, the chromosomal and symbiotic genes may have simply coevolved together for a very long time without significant gene exchange. Down at the fourth level, geographical factors could also further differentiate the phylogenetic groups. This could be a consequence of either divergent evolution due to geographical separation or adaptation to different environmental conditions, which naturally also influence the range of legume hosts available. Finally, the fifth level was where we looked at the evolution of individual strains and found various combinations of nod and nif types in different 16S rRNA backgrounds. Thus, at this level the lateral transfer between strains seems to explain the differences in the various phylogenetic trees.
